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Abstract

An extratropical cyclone of unusual intensity and areal extent
affected much of the Gulf and East Coasts of the United States on
12—14 March 1993. In this paper, the many effects of the storm will
be highlighted, including perhaps the most widespread distribution
of heavy snowfall of any recent East Coast storm, severe coastal
flooding, and an outbreak of 11 confirmed tornadoes. A meteorologi-
cal description of the storm is also presented, including a synoptic
overview and a mesoscale analysis that focuses on the rapid
development of the cyclone over the Gulf of Mexico. This is the first
part of a three-paper series that also addresses the performance of
the operational numerical models and assesses the forecasting
decisions made at the National Meteorological Center and National
Weather Service local forecast offices in the eastern United States.

1. Introduction

During the period 12—14 March 1993, one of the
most intense extratropical cyclones in years, dubbed
by some the “Storm of the Century,” paralyzed much
of the eastern United States. A combination of heavy
snow, high winds, tornadoes, coastal flooding, record-
low sea level pressures, and record-low temperatures
affected the entire Atlantic seaboard, much of the Gulf
Coast, portions of the Ohio Valley, Cuba, and parts of
northern Mexico. The superstorm resulted in dozens
of fatalities on land and at sea, hundreds of injuries,
damage that was estimated to exceed $2 billion, and
the most widespread disruption of air travel in the
history of aviation.

Since this event affected nearly half the nation’s
population and was widely perceived by the media and
the public as a forecasting “success,” the storm pro-
vides an opportunity to 1) assess the progress made
in forecasting midlatitude cyclones, 2) examine the
performance of medium- and short-range operational
numerical models in predicting a major cyclone event,
3) review the performance of forecasters who are
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chailenged by the increasing amount of information
available with numerical model products and with the
often subtle differences that occur in the model guid-
ance, and 4) illustrate the complex task of coordinating
the issuance of watches and warnings that are re-
quiredto save lives, reduce property loss, and alertthe
public of a large and dangerous weather event.

Three papers will describe various aspects of the
storm. Inthis paper, a general meteorological descrip-
tion of the storm and a summary of its effects will be
provided, including mesoscale surface analyses of
the rapid development phase of the storm over the
Gulf of Mexico. The synoptic overview and mesoscale
discussion will describe the contributions of a variety
of factors to the storm’s development, heavy snowfall,
coastal flooding, and severe thunderstorms and tor-
nadoes. In the second paper of the series (Caplan
1995), the performance of the medium-range opera-
tional numerical models prior to the storm will be
summarized and assessed. The models provided
indications of a major storm for the eastern United
States as early as four days prior to the initial develop-
ment of the storm and six days before the peak of the
storm with remarkable run-to-run consistency. In the
third paper (Uccellini et al. 1995), an evaluation of the
forecasting decisions within the Meteorological Op-
erations Division (MOD) of the National Meteorologi-
cal Center (NMC) and local forecast offices of the
National Weather Service is provided, highlighting the
successful forecast effort that culminated in the issu-
ance of watches and warnings with lead times of one -
to two days.

2. Effects and impact of the storm

Reports in the press have mentioned that as many
as 270 deaths may have been caused by the storm.
However, fewer than 100 deaths can directly be attrib-
uted to the storm, according to the National Weather
Service (NWS) disaster survey report (NWS 1994),
with property damage estimated at approximately $2
billion. The economic loss that resulted from the
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superstorm is greater than that associated with any
recent extratropical storm. The storm curtailed busi-
ness for tens of millions of people and produced the
most widespread disruption of air travel in the history
of aviation.

The superstorm produced a vast region of precipi-
tation with amounts exceeding one inch (2.5 cm),
extending from eastern Texas along the immediate
Gulf Coast to nearly the entire East Coast. Maximum
rainfall amounts were observed in Texas, where 6 in.
(15 cm) fell." The snowfall distribution from the Gulf
Coast northeast to Maine is shown in Fig. 1. The areal
distribution of significant snowfall is among the most
widespread of any storm ever recorded in the eastern
United States. The area enclosed by the 10-in. (25 cm)
contour covers 170% to 300% of the equivalent area
observed for any of the 23 snowstorms featured in
Kocin and Uccellini (1990), exceeds 300% of the
equivalent area for the March blizzard of 1888 (Kocin
1983), approximately 170% of the area of the wide-
spread blizzard of 1899 (Kocin et al. 1988), and
approaches the areal coverage of the 1831 snow-
storm Ludlum (1968) describes as “the heaviest snow-
fall over the largest area of any storms in our period of
study.” Snowfall accumulations exceeding 40 in. (100
cm) are only rarely measured along the East Coast but
were observed in at least seven states (Maryland,
New York, North Carolina, Pennsylvania, Tennessee,
Vermont, and West Virginia) with maximum amounts
of 50 in. (125 cm) at Mount Mitchell, North Carolina,
and 60 in. (150 cm) at Mount Leconte, Tennessee.
The 13.0in. (33 cm) at Birmingham, Alabama, was the
greatest recorded for any day, month, or season at
that site. Other record-breaking snowfall amounts
include Chattanooga, Tennessee (20.0 in.; 51 cm),
Beckley, West Virginia (30.9 in.; 78 cm), and Syra-
cuse, New York (42.9 in.; 109 cm). While the axis of
heaviest snows fell west of the Atlantic coast, all the
major cities of the Northeast measured 10to 12in. (25
to 30 cm), on average, despite a changeover to ice
pellets and rain. The combination of heavy snow,
significant amounts of ice pellets, rain, and a sudden
freeze had a majorimpact in the major cities since the
underlying snowpack was exceedingly difficultto clear
from streets and walkways. It is estimated that snow-

'The precipitation distribution reported from the rain gauge network
is not shown since some large discrepancies between melted
precipitation measurements from rain gauges and water equivalent
amounts derived from core sample measurements at selected sites
have been reported (Lott 1993). It has been shown that use of gauge
measurements in snowstorms accompanied by strong winds can
resultin significantundermeasurement of frozen precipitation (Larsen
and Peck 1974). Since much of the precipitation generated in the
superstorm fell as snow or ice pellets and was accompanied by
strong winds, the precipitation distribution in the storm may have
been significantly underrepresented.
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Fic. 1. Snowfall distribution (cm) for the 12—14 March superstorm.

fall (greater than aninch; 2.5 cm) impacted the lives of
90 million people in the United States alone.

Other factors contributed to the superstorm’s se-
verity, including severe weather and coastai flooding
in Florida, flooding in Cuba, and tornadoes in extreme
northeastern Mexico. According to a United Nations
report, coastal flooding in Cuba was responsible for
damage estimated at $1 billion, and tornadoes in
extreme northeastern Mexico resulted in loss of life. At
least 47 lives were lost in Florida, and damage esti-
mates exceed $1.6 billion. Eleven confirmed torna-
does were responsible for seven deaths in Florida as
a squall line swept eastward between 0400 and 0700
UTC 12 March (Fig. 2). Coastal flooding along the
western Florida coastline was responsible for at least
13 fatalities and was associated with a 1.5- to 4-m
storm surge that followed the passage of the storm’s
cold front at 0900 UTC (Fig. 2). The flooding occurred
asincreasing southerly winds ahead of the developing
cyclone caused water levels to rise along the western
Florida coast. Strong westerly gales behind the cold
front caused water levels to rise rapidly after frontal
passage. The persistence of the westerly gales then
had the effect of maintaining high water across west-
ern Florida well after the front had passed, prolonging
flooding conditions. The maximum height of the surge
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was found in northwestern Florida, just east of the
point where the surface low made landfall, where
water levels were estimated at between 10 and 12 ft (3
to 4 m) above mean sea level. Along the coast of
western Florida, water levels were generally between
5 and 7 ft (1.5 to 2 m) above mean sea level and
subsided slowly as westerly winds diminished late on
13 March.

The storm was also notable for several other ef-
fects. For portions of the Southeast and Middle Atlan-
tic, sea level pressures were the lowest on record
along the track of the cyclone. Although numerical
model forecasts indicated that the storm would un-
dergo its greatest deepening over the Middle Atlantic
and Northeast on 13 March, the storm underwent
explosive deepening over the Gulf of Mexico and the
Southeast on 12 March, setting numerous minimum
sea level pressure records from Georgia to New York.
The advection of very cold airto the Gulf Coast following
the storm, combined with the extensive snow cover,
resulted in numerous record-low temperatures, in-
cluding 2°F (-16°C) at Birmingham, Alabama. Finally,
high winds to the north and northwest of the cyclone
center, both in the Gulf of Mexico as the cyclone was
intensifying rapidly, and along the East Coast, as the
storm was moving to the northeast, were another
major component of the storm. A listing of selected
record sea level pressures, record-low temperatures,
and maximum wind gusts for the United States are
provided in Table 1, as derived from data provided
from the National Climatic Data Center.

3. Synoptic overview

region of midlevel cloudiness (Fig. 6a) was associated
with mostly light snows over the central Rockies and
some developing showers and thundershowers over
Texas, Louisiana, and Mississippi. The rainfall was
developing within a low-level (850 mb) southerly air-
stream (Fig. 3b) near the Gulf of Mexico downwind of
anupper-leveltrough moving eastward from the south-
western United States and northern Mexico (Fig. 3c).
The cold air encompassing much of the eastern United
States is indicated by the southward extension of the
0°C 850-mb isotherm to the northern Gulf states (Fig.
3b). Northwesterly flow and cold-air advection were
apparent across much of the eastern United States at
850 mb, providing the low-level conditions necessary
for snow. At the 500-mb level (Fig. 3c), a broad region
of confluence extended over much of the eastern
United States. This confluence was located upwind of
an upper trough over eastern Canada associated with
a cyclone moving east of Nova Scotia, anda 60 m s
upper-level jet streak over the Middle Atlantic. Upper-
level confluence is an important feature for many East
Coast snowstorms (Kocin and Uccellini 1990) since it
acts to maintain the cold air and anticyclone over the
Northeast, a requirement for the precipitation to fall as
snow rather than rain along the coast.

Between 0000 and 1200 UTC 12 March, the sur-
face low pressure area over northern Mexico consoli-
dated into an intensifying low pressure center over the
western Gulf of Mexico (Fig. 3d). Satellite imagery
indicated that two regions of thunderstorms devel-

The synoptic overview focuses on
weather conditions during the period
between Thursday evening, 0000 UTC
12 March 1993, and Sunday morning,
1200 UTC 14 March 1993, using surface
weatheranalyses, 850-mb analyses, 500-
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mb charts with upper-level jets superim-
posed (Figs. 3, 4, and 5), infrared satel-
lite imagery (Fig. 6), and analyses of the
potential vorticity (Figs. 7 and 8).

a. Surface and upper-level analyses

1) 12 MarcH 1993

The surface weather analysis at 0000
UTC 12 March (Fig. 3a) shows a broad
region of high pressure extending across
much of the northern United States with
the precursor of the storm marked by a
disorganized area of low pressure lo-

cated south of Texas. At this time, a outbreak.
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Fic. 2. The 3-hourly evolution of the locations of the surface low pressure center
(L; central sea level pressures in mb are indicated every 6 h), the surface cold front
(solid black line), and the squall line (shaded) on 12-13 March 1993. Inset map marks
locations and depth (m) of the storm surge and approximate locations of tornado

167



TasLe 1. List of record-low sea level pressures (inches; kPa), temperatures (°F

; °C), and selected maximum wind gusts for the United

States (mph; m s-1). All sea level pressures were measured on 13 March. All temperatures occurred on 14—15 March, and all wind reports
occurred on 13 March (except for South Timbalier and South Marsh Island, Louisiana, which occurred on 12 March).

Record-low sea level pressures Inches kPa

Whlte Plalns NY

2838 96N

Asheville, NC

Highest recorded wind gusts

Dry Tortugas FL

[ FIattcpM' n

South Timbalier, LA

Vero Beach, FL

LaGuardla A|rport NY

Record-low temperatures °F °C

Y

 Caribou, ME

oped rapidly over the south Texas—Mexican border
and off the southern Texas coast. These two regions
then merged into the rapidly expanding region of cold
cloud tops over southern Texas and the western Gulf
of Mexico, while a region of relatively colder upper-
level clouds began to stream northeastward through
the Tennessee Valley (Fig. 6b). Water vapor imagery
(not shown) indicated that a significant region of
midtropospheric dryness accompanied the thunder-
storm development near the Texas—Mexican border.
At the surface, cold air across northern Texas rushed
southward into southern Texas coincident with the
development of the thunderstorms. While light snow
fell across the panhandles of Texas and Oklahoma
into Colorado, ice pellets and snow developed along
the northern edge of the expanding precipitation shield
across northern Louisiana and western Mississippi.
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The developing 850-mb circulation at 1200 UTC (Fig.
3e) was collocated along the warm edge of the lower-
tropospheric baroclinic zone and was associated with
an expanding area of radar echoes with VIP (video
integrator and processor) levels greater than 2 over
the western Gulf of Mexico. The rain/snow boundary
was collocated with the 850-mb 0°C isotherm in north-
ern Louisiana, which continued to drift southward
overnight in Alabama and points west. Farther east,
the 850-mb 0°C contour remained virtually stationary
over South and North Carolina.

At 500 mb (Fig. 3f), the trough over Nova Scotia,
confluent flow extending across the northeastern United
States, and a dual-trough system developing across
the central and south-central United States (indicated
by separate vorticity maxima over Colorado and just
south of Texas) remained the key features, similar to
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Fia. 3. Surface, 850-mb, and upper-level analyses for 0000 (left) and 1200 UTC (right) 12 March 1993. Surface maps include surface
high and low pressure centers and fronts; shading indicates precipitation (heavy shading denotes moderate to heavy precipition), solid lines
are isobars (4-mb increments), and dashed lines represent axes of surface troughs not considered to be fronts. The 850-mb maps include
contours of geopotential height (solid, at 30-m intervals, 156 = 1560 m) and isotherms (dashed, °C, 5°C intervals); shading represents
manually digitized radar video integrator and processor (VIP) echoes (embedded shading represents VIP levels greater than 2). Upper-
level analyses include contours of 500-mb geopotential height (solid, at 60-m intervals, 522 = 5220 m), locations of 500-mb absolute vorticity
maxima (circled stars), axes of upper-level wind maxima (arrows), and composite isotachs of maximum wind speeds derived from either
the 500-, 300-, 250-, or 200-mb levels (values in parentheses represent level of maximum wind speed); alternating intervals of shading
represent 10 m s' increments in wind speed.
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Fia. 4. Surface, 850-mb, and upper-level analyses for 0000 (left) and 1200 UTC 13 March 1993. See Fig. 3 for details.

the upper-air patterns observed prior to numerous
major East Coast snowstorms (Kocin and Uccellini
1990). Two separate jet streaks are clearly analyzed
during the precyclogenetic period. One jet streak with
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maximum winds exceeding 60 m s~ at 300 mb was
associated with the confluent flow over the northeast-
ern United States and extended from the Ohio Valley
to the Middle Atlantic coast. The other jet streak was
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0000 UTC 14 MARCH 1993 1200 UTC 14 MARCH 1993
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Fia. 5. Surface, 850-mb, and upper-level analyses for 0000 (left) and 1200 UTC 14 March 1993. See Fig. 3 for details.

associated with the dual-trough system and was lo- ward over the Gulf of Mexico and deepened 17 mb in
cated over the western United States with maximum 12 h to reach a central pressure estimated at 984 mb
winds of 70 m s™' at 250 mb. south of Louisiana at 0000 UTC 13 March (Fig. 4a), a

The cyclone moved progressively east-northeast- rate of intensification that is rarely observed over the
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